
CLAIMS 

1. A method of forming a capacitor electrode, comprising: 
providing a sacrificial material sidewall at least partiaLry around an 

:r 

opening; 

forming a first silicon-containing material within /the opening to 
partially fill the opening, the first silicon-containing m^aerial being doped 
with conductivity-enhancing dopant; 

depositjng a second silicon-containing material within the partially- 
filled opening; the second silicon-containing material being less heavily 
doped with conductivity-enhancing dopant tl^n is the first silicon- 
containing material; 

after depositing the second silicon-con/faining material, increasing a 
roughness of at least a portion of a surface thereof; and 

removing at least some dfVthe sacrificial material sidewall. 

2. The method of claim 1/ wherein the first silicon-containing 
material comprises a dopant concentration of at least 10^° atoms/cm^. 

3. The method of clg4m 1 wherein the first silicon-containing 
material comprises a dopant Concentration that is at least 10^ fold higher 
than any dopant concentraupn in the second silicon-containing material. 



4. The method/4f claim 1 wherein the first silicon-containing 

7 

material comprises a dbpant concentration that is at least 10^ fold higher 
than any dopant coi/centration in the second silicon-containing material. 



// 
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5. The method of claim 1 wherein the first silicon-conta^ing 
material comprises a dopant concentration that is at least ip^° fold 
higher than any dopant concentration in the second siliccwT-containing 
material. 

6. The method of claim 1 wherein the sef:ond silicon-containing 
material is substantially undoped. 





7. The method of claim 1 wherein the providing the sacrificial 

/ 

material sidewall at least partially around the opening comprises: 
forming an insulative mass/over a substrate; 
forming the opening in ythe insulative mass; and 
partially filling the of^ning with the sacrificial material. 
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8^ A method of forming a capacitor el/ctrode. comprising: 
providing a sacrificial material sidewall fx least partially around an 



opening; 



forming a first silicon-containing r^terial within the opening to 
partially fill the opening, the first silico^containing material being doped 
with conductivity-enhancing dopant; / 

forming a second silicon-containing material within the partially-filled 
opening; the second silicon-contdfning material being less heavily doped 
with conductivity-enhancing dopant than is the first silicon-containing 
material; 



/ 



converting at least some of a surface of the second silicon- 
containing material into y ij^ed silicon surface; and 

removing at least of the sacrificial material sidewall. 

9. The men^od of claim 8 wherein . the first silicon-containing 
material comprises /4 dopant concentration of at least 10^° atoms/cm^ 

10. The /method of claim 8 wherein the first silicon-containing 
material compr/ses a dopant concentration that is at least 10^ fold higher 
than any dopant concentration in the second silicon-containing material. 

11y^ The method of claim 8 wherein the first silicon-containing 
materiaycomprises a dopant concentration that is at least 10^ fold higher 
than apy dopant concentration in the second silicon-containing material. 
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12. The method of claim 8 wherem/the first silicon-containing 
material comprises a dopant concentratj^ that is at least 10'° fold 
higher than any dopant concentratioyCi the second silicon-containing 
material. 

13. The method of cl^im^S wherein the second silicon-containing 
material is substantially unOof 



14. The meUiTbd of claim 8 wherein the providing the sacrificial 
material sidewall / least partially around the opening comprises: 
forming ai/ insulative mass over a substrate; 
forming /he opening in the insulative mass; and 
partial^, filling the opening with the sacrificial material. 
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.^e.a,.con.a,„,„, .a.ena,,- ana w.e.e. .He p.ov.., „e sac.X^.eJ 

forming an insula.ive mass over a subs.ra.e; 
forming .he opening in .He instilative mass- 
forming .He saorificia, ma.eria, wi.Hin .He op/ing an. over an 
upper surface of the insulative mass- th-. •/ 

" ng .he open.ng an. .eing along si.e.a,.s o/he opening an. aiong 
a bottom of .He opening; and / 

exposing .He saorificia, ma.eria, .o a /sma e.ch .o remove .He 
along the bottom of the opening. ^ 

16. The method of clami « 

or clatrp 8 wherein the converting of at least 
some of the surface of the second^ .ir 

, , ^^"^y s.l.con-containing material into a 

rugged silicon surface occurs befor/tho 

°7 "-e-^ovrng at least some of the 
sacrificial material. / 

som "f °' 7^ ' - - ieas. 

some o, sincon.con.aining ma.eria, ,„.o a 

~ .noon surface occu/ af.er .he removing o, a. ieas. some of .He 

""'"^"^ -^ f - - Of a surface of .He firs, 

s l.con-con.aining ma,er,a,/is conver.e. .o a rugge. si.icon surface .uri 



.He con.er.ing o, a. .e4s. some of .he surface of .he' s:::;:;::! 
con,a,n.ng ma.erial ,Vo a rugged silicon surface. 

S:\mi22M67,\pOJ.„pa A27010B14,457N 23 

PAT-US\AP.REO 



18. The method of claim 8 wher^n. 

the providing ,he sacrificial mZial sidewal, a. .eas, partially 
around ,he opening comprises fon^ng an insu.a.ive mass over a 
substrate; forming the opening in th/insulative mass; and partially fining 
the opening with the sacrificial ma^rial; 

the method further comprisJ .prming the firs, and second silicon- 
containing materials over an uppir surface of the insula.ive mass while 
forming the firs, and second siij/on-containing materials in the opening- 
the conver,ing occurs whi,4 ,he firs, and second silicon-containing 
materials are over the upper sZrface of the insulative mass; 

the first and second sili/on-con,aining ma,erials are removed from 
over the upper surface of the' insulative mass after the converting; 

at least some of the /insulative mass is removed to expose a 
region of the sacrificial- matlrial - sidewall; and 



the removing ofp., ifeas. some of the sacrificial materia, sidewal, 
comprises removing * 
sidewall. 



tfie; exposed region of the sacrificial material 



19- The methoc^/of claim 18 wherein the exposed region of the 
sacrificial materia, sidewal, is only a portion of the sacrificial materia, 
sidewall. - 



I 



20. The me,hod of claim 18 wherein the exposed region of the 
saciflcial material lidewall is an entirety of the sacrificial material 
Sidewall. 

/ 
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21. The method of claim 8 wherein, 

the providing the sacrificial n/aterial sidewall at least partially 
around the opening comprises foipiing an insulative mass over a 
substrate; forming the opening in the insulative mass; and partially filling 
the opening with the sacrificial material; 

the method further comprisesf forming the first and second silicon- 
containing materials over an uppeir surface of the insulative mass while 

CP forming the first and second silicon-containing materials in the opening; 

p / , 

^1 the first and second siliconjcontaining materials are removed from 



'^11 over the upper surface of the insLlative mass, and at least some of the 

ly j ■ 

^ insulative mass is removed to expose a region of the sacrificial material 

13 

fli sidewall; and 

e . 

M the removing of at least some of the sacrificial material sidewaL 

1 ■ I 

comprises removing the exposed region of the sacrificial material 
sidewall. I 

22. The method of claim 21 wherein the converting occurs after 
the removing of the at least some of the sacrificial material sidewall. 

i 

23. The method of claim 21 wherein the converting occurs before 
the removing of the at least some of the sacrificial material sidewall. 

24. The method of claim 21 wherein the exposed region of the 
sacrificial material sidewall is only a portion of the sacrificial material 
sidewall. 
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25. The method of claim 21 wherein the exposed region of /the 
sacrificial material sidewall is an entirety of the sacrificial m^erial 
sidewall. 

26. A method of forming a semiconductor construction/ comprising: 
providing a substrate having an opening extending therein; the 

opening having a periphery defined by at least one sidewall and a 

u I 

S3 bottom; the substrate having an upper surface proximate the opening; 

C3 / 

forming a stack comprising layers of sacrificial material, first silicon- 

4\ ■ f 

i 

containing material and second silicon-containing /material along the 
Z^' sidewall of the opening; the second silicon-contairjing material having a 



III higher concentration of conductivity-enhancing /dopant than the first 

S : 

lip silicon-containing material; 



Hp removing some of the substrate :to lower the upper surface of the 

/ 

substrate and thereby expose at least a portion of the siacrificial 
material; » 

removing at least some of the exposed portion of the sacrificial 
material; and 

converting the first silicon-contairiing material to hemispherical grain 
silicon. / 

■ / 
/ 

27. The method of claim* 26 wherein the first and second silicon- 

/ 

containing materials extend across the bottom of the opening, and 

/ 

wherein the sacrificial material does not extend across a majority of the 

f 



bottom of the opening. 



/ 

r/ 26 
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29. THe .e.ho. of Cai. 26 w.e.ein ,he conv/n. occurs a«e. 
- .e.ov,n. o, a. .as. sp.e .He expose, po./ p, ..^ sac.«c,a, 
material "iciai 



/ 



30. The method of claim 26 wherein th/ .^^o ^• 

wnerein the converting occurs after 

2 3. ,eas. so.e o, ..e e.ppse/po.p„ o, ..e sac.«c:a, 

.a. a ...e. Zp.ses co.e.n. a. ,eas. 

some Of the second sil.con-con.aining m^eria. ,o h«™- k • 
.M,^„„ ^ . iy?'erial to hemispherical grain 

silicon during the conversion of the at iL.t 

^"-"^ °' 'he first silicon- 
con,a,ning material .o hemispherical grJi silicon. 




31. The method of claftS'^fi x.. 

^® r^'^'" converting occurs before 
the removing of some of the substo^te. 



32. 



The method of Cai/^s wherein the converting occurs af.er 



the removing of some of .he Substrate 



33. The method o/cai. ,6 „^ ^^^^^^ ^^^^^ 

he removing of some o/.he substrate and before the removing at least 
some Of the exposed/ortion of ,he sacrificial ma.erial 
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34. The method of claim 26 wherein the sacrificial 
comprises a metal. 



iterial 



35. The method of claim 26 wherein the saq^ficial material 
comprises elemental titanium. 

36. The method of claim 26 wherein p^e sacrificial material 
comprises elemental tungsten. 

37. The method of claim 26 wh/ein the sacrificial material 
comprises a metal nitride. 

38. The method of claim /6 wherein the sacrificial material 
comprises titanium nitride k 

39. The method of c^im 26 wherein the sacrificial material 
comprises tungsten nitride. 

40. The method^f claim 26 wherein the substrate comprises 
borophosphosilicate g^s. and wherein the opening is formed into the 
borophosphbsilicate/^lass. 



41. Th^method of claim 26 wherein the second silicon-containing 
material is si/bstantially undoped. 
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A method of forming a capacitor structure, comprising: 
»ng a container construction comprising a firsLsilicon-containing 
layer aroul^i a second siiicon-containing ,syer. the firs, silicon-containing 
layer being ^ "eavily doped with conduCivity-enhancing dopant than 
.he second silii^n-containing layer; the second sillcon-con.aining layer 
«ef.ning an imA p_eriph_ery of the container and the first silicon- 
containing layer defkng an outer periphery of the con,alner:^~~ 

converting a. ,ea\. some of each of the first and second silicon- 
containing layers to hemVherical grain silicon; the hemispherical grain 
Silicon fronL_the_(irs, silicoVcontaining layer having a smaller average 
gram size than the hemisphe\cal grain silicon from the secon7silicon- 
containing layer; 

forming a dielectric ma.erial\.ong the inner and outer peripheries 
Of the container construction; and 

forming ^ conductive material \er the dielectric materia, the 
container construction, dielectric material L, conductive material together 
defmmg at least part of the capacitor structure. 



':\mi22\167np01.wpd A270108141457N 



29 



PAT^US\AP'REO 




43. \ The method of claim 42 wherein the converting comprises: 
(1) eWing, the at least some of each of the first and second 
silicon-containVg layers to silane gas and a temperature of at least 
about 550-C f\a time of less than or equal to about 2 minutes under 
a vacuum of lesV than or equal to about 1 jc 10^ Torr to seed the at 
least some of eaclUf the first and second silicon-containing layers; and 
(2) annealingVhe seeded layers at a temperature of at least 
about 550°C for a tim\ of less than or equal to about 3 minutes. 



44. The method o\ claim 42 wherein the first silicon-containing 
layer comprises a dopant eventration of at least 10^° atoms/cm^. 

45. The method of claX 42 wherein the first silicon-containing 
layer comprises a dopant conce\ration that is at least 10^ fold higher 
than any dopant concentration in L second silicon-containing' layer. 

•46. The method of claim 42 U erein the first silicon-containing 
layer comprises a dopant concentrationVhat is at least 10= fold higher 
than any dopant concentration in the seLd silicon-containing layer. 



47. The method of claim 42 wherei\ the first silicon-containing 
layer comprises a dopant concentration that iXat least 10- fold higher 
than any dopant concentration in the second siLon-containing layer. 
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r 48. Tf\e method of claim 42 wherein the second silicon-containing 
layer is substar^tialiy undoped. 
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A rnemod of ,orn„ng a c.paei.or s..uo,ure. comprising- 

prbvidmg a substrate having an electrical r,„H= 
1 electrical node supported thereby 

^ foiling -an insulative mass over the electrical node; 

'or^ng an opening extending through the insuiative mass to the 
elecrica, ^ode; the opening having a periphery which includes a, leas, 
one sidewak- ^ 

forming\ a first layer along the at least nn« : 
- \ . . one sidewall of the 

opening; ^ 

forming . second la,er along «rst la.er, the second layer 
comprising silled which is doped with a conductivitv-enhancing dopant- 

forming a tWd layer along the second layer; any concentration oi 
oonducivity-enhan^ng dopant in the third layer being less than the 
concentration o, cci^ductivity-enhancing dopant in the second layer 

~ng somey the insulative mass to expose at leas, a portion 
Of the first layer; 

removing at least U.e o, the exposed portion of the first layer 
to expose a, least someV, the second layer- 

silicon; at least s^ ot the third layer to hemispherical grain 

forming a dielectric ma)^rial along the third layer and exposed 
portion of the second layer; anc 

forming a conductive mat^ial over the di.i«.* • 

\ over tne dielectric material; the 
second layer, third layer dielectrV r«^f . 

, , ^ ■ "material and conductive material 

together defining at least oart of thA 

y least part of the\ capacitor structure. 
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metal. 



50. The method of claim 49 wherein the first layer comprises a 



51. ^he method of claim 49 wherein the second layer comprises 
a dopant con\:entration of at least 10^*^ atoms/cm^. 



m 

III 



JO 



m 



m 



52. The method of claim 49 wherein the second layer comprises 
a dopant concentration that is at least 10^ fold higher than any dopant 
concentration in the^ third layer. 

53. The methoa of claim 49 wherein the second layer comprises 
a dopant concentration tnat is at least 10^ fold higher than any dopant 
concentration in the third Mayer. 

54. The method of claJm 49 wherein the second layer comprises 
a dopant concentration that is )at least 10^° fold higher than any dopant 
concentration in the third layer. 

55. The method of claim 49 wherein the converting occurs before 
the removing at least some of the exposed portion of the first layer. 



56. The method of claim 49 wherem the converting occurs after 
the removing at least some of the exposed \portion of the first layer. 
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57. The method of claim 49 wherein the converting occurs after, 
the removing at least some of the exposed portion of the first layer and 
wherein tine converting further comprises converting at least some of the 
second layer to hemispherical grain silicon during the conversion of the 
at least sorne of the third layer to hemispherical grain silicon. 

58. TheXmethod of claim 49 wherein the converting occurs before 
the removing of ^ome of the insulative mass. 

59. The metnpd of claim 49 wherein the converting occurs after 
the removing of someXof the insulative mass. 

60. The method of claim 49 wherein the converting occurs after 
the removing of some: of \he insulative mass and before the removing 
at least some of the exposed portion of the first layer. 
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!v61. A capacitor structure comprising: 



a\ container construction comprising a first silicon-containing* layer 
around av second silicon-containing layer; the second silicon-containing 
layer definirm an inner periphery of the container construction and the 
first silicon-cointaining layer defining an outer periphery of the container 
construction; th^^ outer periphery of the container construction having a 
smoother surface \han the inner periphery of the container construction; 

at least someyof the second silicon-containing layer being in the 
form of hemisphericalXgrain silicon; 

a dielectric maternal along the inner and outer peripheries of the 
container construction; anas^^>—^ 

a conductive materi^ilNpA^ the dielectric material; the container 
construction, dielectric mat^rialNand conductive material together defining 
at least part of the capacitor strcicture. 

62, The capacitor structure ofVclaim 61 wherein the first silicon- 
containing layer is more heavily doped v^th conductivity-enhancing dopant 
than the second silicon-containing layer. \ 

63, The capacitor structure of claim 61 ^wherein at least some of 
the first silicon-containing layer is in the form ^f hemispherical grain 
silicon; the hemispherical grain silicon of the first shlicon-containing layer 
having a smaller average grain size than the hemispherical grain silicon 
of the second silicon-containing layer. \ 
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54. A capacitor-containing assembly, comprising: 
a\substrate supporting an electrical node; 
an Visulative mass over the substrate and having an opening 
extending tKerethrough to the electrical node; the opening having a 
sidewall peripHery and a bottom periphery; the insulative mass having an 
upper surface pWimate the opening; 

a conductiveVmaterial extending along the sidewall periphery of the 
opening, but not ex^^ending along a majority of the bottom periphery of 
the opening; the conductive material not extending above the upper 
surface of the insulativa mass; 

a first silicon-contaiioing Aayer against the conductive material and 



within the opening; the firs 
shape extending along the 



-containing layer defining a container 
/all periphery of the opening and along 
the bottom periphery of th* Nopening; the first silicon-containing layer 
extending to above the upper stirface of the insulative mass; an outer 
surface of the container shape ofNthe first silicon-containing layer having 
a first roughness; 

a second silicon-containing layer\within the container-shape defined 
by the first silicon-containing layer; thev second silicon-containing layer 
extending along the sidewall periphery df the opening and along the 
bottom periphery of the opening; the second silicon-containing layer 
extending to above the upper surface of the \nsulative mass; 

at least some of the second silicon-containing layer being in the 
form of a rugged silicon having a surface roughness greater than the 
first roughness; 
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♦ • 

\a dielectric material against the second silicon-containing layer and 
againstXa portion the first silicon-containing layer; and 

a cctnductive material over the dielectric material; the container first 
and seconoV silicon-containing layers, dielectric material and conductive 
material together defining at least part of the capacitor structure. 

65. The \assembly of claim 64 wherein the insulative mass 
comprises borophojsphosilicate glass. 

66. The assembly of claim 64 wherein the conductive material 
comprises a metal. \ 

67. The assembly W nclairn/ 64 wherein the conductive material 
comprises elemental titaniumV^ 

68. The assembly of claim 64 wherein the conductive material 
comprises elemental tungsten. \ 

69. The assembly of claim 6(4 wherein the conductive material 
comprises a metal nitride. \ 

70. The assembly of claim 64 wfrerein the conductive material 
comprises titanium nitride. \ 
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« « 

7K The assembly of claim 64 wherein the conductive material 
comprises tungsten nitride. 

72. The^ssembly of claim 64 wherein the first silicon-containing 
layer is more heaVily doped with conductivity-enhancing dopant than the 
second silicon-contarning layer. 

73. The assembly; of claim 64 wherein at least some of the first 
silicon-containing layer oX the outer surface is in the form of 
hemispherical grain silicon arid wherein the rugged silicon of the second 
silicon-containing layer is in the\^form of hemispherical grain silicon; the 
hemispherical grain silicon of theXfirst silicon-containing layer having a 
smaller average grain size than they hemispherical grain silicon of the 
second silicon-containing layer. . \ 
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